
INTRODUCTION

Anemia becomes more prevalent as our population ages. 
Based on World Health Organization (WHO) definitions, 
the prevalence of anemia will reach approximately 11% in 
the elderly (age >65 years old). The presence and degree of 
anemia is affected by comorbidities such as diabetes, car-
diovascular disease, renal disease, and other inflammatory 
conditions. Patients often present to orthopedic surgeries for 
elective joint arthroplasty at older ages and thus, anemia is a 
common finding among this population. 

Prevalence of Anemia in Elective Orthopedic Surgeries
It is recognized that approximately 40% of patients evalu-
ated prior to elective orthopedic surgeries are found to be 
anemic by WHO definition (women Hb <12 g/dL, men Hb 
< 13 g/dL) (WHO, Shander, Saleh).11,14,16 Preoperative anemia 
has been shown to be an independent prognostic factor for 
increased morbidity and mortality following orthopedic sur-
gery. It is well known that preoperative Hb level is a major 
predictor of perioperative transfusion rates (Salido).15 Allo-
geneic transfusions have been shown to increase hospital 
length of stay, rate of infections and perioperative mortal-

ity (Salido, Wu, Beattie).15,18,1 Some orthopedic surgeries are  
associated with an anticipated high level of blood loss, thus 
increasing the possible need for perioperative transfusion. 
Given the independent risks for morbidity and mortality 
associated with previously unrecognized preoperative ane-
mia and transfusion rates, guidelines have been developed  
to address the following areas of need: the preoperative,  
perioperative, and postoperative periods of patient care. 

A standard approach to the detection, evaluation and 
treatment of anemia in the preoperative period has been 
identified as an area of unmet need. The Network for the 
Advancement of Transfusion Alternatives (NATA) devel-
oped practice guidelines from a systematic review of the lit-
erature. Goodnough, et al. reviewed published literature on 
the impact of preoperative anemia on clinical outcomes and 
recommended a standardized approach to detect preopera-
tive anemia. Patients undergoing elective orthopedic surgery 
should be screened for anemia in order that the underlying 
cause can be indentified and corrected whenever possible. 

Preoperative Detection and Management of Anemia
Preadmission testing can occur anytime before a scheduled 
elective surgery. However, to allow adequate time to de-
tect and correct for anemia, testing should occur as close as 
possible to 28 days prior to the surgery. For those patients 
already known to have preexisting anemia, evaluation and 
treatment should begin as soon as possible.

The most common causes of anemia detected in pre- 
operative testing include iron deficiency anemia, vitamin 
B12 deficiency, chronic kidney (and associated decreased 
erythropoietin production), chronic inflammatory diseases, 
and folate deficiency. As part of the preadmission testing, a 
complete blood count (CBC) should be drawn and anemic pa-
tients identified. Subsequent laboratory tests should screen 
for the most common etiologies including iron studies, fer-
ritin, vitamin B12, creatinine, and in appropriate patients, 
folate, thyroid stimulating hormone (TSH), and CRP levels. 
Algorithms depicting initial and reflexive testing during the 
work-up of preoperative anemia are available and published 
(NATA guidelines, Munoz).6,10 Treatment of the underlying 
cause of anemia should then commence to reach to target Hb 
levels within the normal range (female ≥12 g/dL, male ≥13  
g/dL) within 4-6 weeks by the anticipated time of surgery. 

For iron-deficient patients, replacing iron stores with oral 
versus intravenous iron is somewhat controversial. Overall,  
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both have been proven to correct iron deficiencies prior to 
orthopedic surgeries (Beris, Munoz).2,10 Oral iron is least 
costly and easy to administer, however patients often ex-
perience gastrointestinal side effects and replenishing iron 
stores within the limited time frame can be difficult to 
achieve. Intravenous iron is now available in much safer 
forms; however, allergic reactions and anaphylaxis are still 
reported with all formulations. The ease of administration 
and ability to replenish iron stores during the time frame  
allotted preoperatively must be balanced with relatively 
higher costs compared to oral iron. 

In the absence of preoperative iron supplementation, 
postoperative iron repletion has not been shown effective 
(Munoz, Beris).10,2 This is likely due to postoperative heal-
ing and inflammatory cytokines altering hepcidin levels 
thus impairing iron absorption and mobilization in the post- 
operative period. Postoperative iron supplementation, oral 
or intravenous, is not recommended. 

For patients in whom nutritional deficiencies have been 
corrected or ruled out, the use of erythropoietin stimulat-
ing agents (ESAs) has been shown to decrease perioperative 
transfusion requirements (Goodnough).6 Patients with ferri-
tin values <100 ng/mL or transferrin saturations <20 percent 
should have iron repletion prior to initiation of ESAs to in-
crease their efficacy. Concurrent iron supplementation with 
ESAs has also been shown to decrease the dosage of ESAs 
necessary to correct preoperative anemia. 

Anemia should be considered as a treatable symptom of 
an underlying disease. Preoperative evaluations will some-
times identify more significant comorbidities. If preopera-
tive screening detects evidence of gastrointestinal bleeding, 
bone marrow disorders or significant renal disease, referrals 
to specialists such as gastroenterologists, hematologists, or 
nephrologists may be indicated. A delay in elective surgery 
may be necessary to insure patient safety and care. 

Intraoperative Methods for Reducing  
Acute Blood Loss Anemia
Attention to meticulous hemostasis has always been para-
mount during total joint replacement surgery, and remains a 
crucial element in reducing postoperative anemia. Even when 
surgeons make a consistent effort to prevent ongoing blood 
loss via cauterization of peri-articular vessels, there can still 
be ongoing postoperative bleeding from cut bony surfaces or 
from bone canals that have been instrumented in the sur-
gery. Efforts to mitigate these “ongoing” blood losses have 
resulted in improvements in the global understanding and 
the management of blood loss following arthroplasty surgery.

Two separate meta-analyses, published in 2004 and 2007, 
both looked at the use of closed suction drainage following 
orthopaedic surgery in a total of 8959 patients and 9386 sur-
gical wounds. (Parker, Parker)12,13 Both reports came to vir-
tually identical conclusions, namely that the use of surgical 
drains following orthopaedic surgery showed no difference  
in the rates of wound infection, wound hematoma, or  

reoperation rates, but did show significantly increased risk 
for postoperative blood transfusion. Thus, the routine use of 
closed suction drains within the intra-articular space follow-
ing hip and knee arthroplasty has no established clinical ben-
efit for the patient, and now has a strong association with in-
creasing the requirement for postoperative blood transfusion.

More recently, mounting clinical evidence has emerged on 
the role of using tranexamic acid (TEA) at the time of total 
joint arthroplasty to reduce the rate of postoperative anemia 
and transfusion. The pooled risk ratio for needing a transfu-
sion after orthopedic surgery was 0.55 in one review of TEA 
in 10,488 surgical patients. (Ker)8 A second meta-analysis 
looked more specifically at the use of TEA in total knee ar-
throplasty, and found that both the amount of blood lost per 
patient and the number of blood transfusions needed after 
surgery were significantly less with the use of TEA. (Yang)19 
Importantly, the risks for myocardial infarction, deep vein 
thrombosis, and pulmonary embolism was not increased 
in these large series of cases when administering TEA. The 
ideal TEA dose and route of administration is still under in-
vestigation, since it can be given either by injection to the 
joint immediately following capsular closure in the OR, or 
via single- or multiple- intravenous injections given in the 
peri-operative window. (Maniar)9

Other methods for intra-operative reductions of blood 
losses may also prove to be effective, and will be reassessed 
in the future based on the availability of high-level clini-
cal evidence. For example, the use of neuraxial anesthesia, 
saline coupled bipolar tissue sealer devices, and the appli-
cation of topical hemostatic material within the joint are 
currently under investigation in a number of studies.

Postoperative Tolerance of Normovolemic Anemia  
and Transfusion Thresholds
The hemoglobin threshold for perioperative transfusion is 
controversial. Carson et al suggested that symptom-driven 
transfusion triggers might be an effective blood conserving 
approach. (Carson 1998)4 The Transfusion Requirements in 
Critical Care (TRICC) trial evaluating clinical outcomes in 
patients in the critical care setting found that a restrictive 
transfusion strategy had a non-significant decrease in 30-day 
mortality; this study did not endorse a restrictive strategy 
in patients with active cardiac disease. (Hebert)7 Given the 
degree of blood loss expected during elective hip and knee 
arthroplasty, postoperative transfusion has been common-
place for many decades. Multiple strategies in the preopera-
tive and intra-operative periods aim to reduce postoperative 
allogeneic transfusion rates. Concern for increased cardio-
vascular events and impaired quality of life postoperative-
ly has led some to adopt relatively high hemoglobin trigger 
thresholds for transfusions in “at-risk” patients. 

To address these issues, the FOCUS trial (Transfusion 
Trigger Trial for Functional Outcomes in Cardiovascular 
Patients Undergoing Surgical Hip Repair) evaluated high-
er blood transfusion thresholds (hemoglobin <10 g/dL)  
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compared with a more restrictive transfusion strategy  
(hemoglobin < 8 g/dL) on functional recovery, morbidity 
and mortality in the immediate postoperative period. Car-
son et al3 concluded that a liberal transfusion strategy did 
not reduce either the rates of death or inability to walk in-
dependently on 60-day follow-up. In this study, there was 
no appreciable reduction of in-hospital morbidity in elderly 
patients at high cardiovascular risk following hip fracture 
surgery using the “restrictive” hemoglobin trigger of 8 g/dL. 
An additional study focused on quality-of-life measures in 
the immediate postoperative period after hip or knee arthro-
plasty, concluding that moderate anemia (across all hemo-
globin levels between 8 g/dL to >10 g/dL) was not associated 
with an impaired functional recovery or a decreased quality 
of life. (Vuille-Lessard)17 These more recent studies have led 
some clinicians and institutions to establish more restric-
tive transfusion thresholds of asymptomatic anemia to 8 g/
dL, even for the elderly or in those patients with underlying 
cardiovascular risks. 

CONCLUSIONS

Preexisting anemia detected prior to surgery, intraoperative 
blood loss, and postoperative allogeneic transfusion rates 
have been proven as independent prognostic factors for mor-
bidity and mortality associated with elective orthopedic joint 
arthroplasty. Blood management strategies to optimize preop-
erative hemoglobin levels, reduce intraoperative blood losses, 
and decrease postoperative transfusion rates can independent-
ly and collectively improve overall patient care and surgical 
outcomes following lower extremity total joint arthroplasty.
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